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Previewsfactors also required? Does nonpatho-
gen-induced clustering of mitochondria
also induce MAVS aggregation and
proinflammatory signaling; that is, to
what extent are these responses to
Ca+2 mitochondrial stress a generalized
phenomenon? Importantly, it remains
to be determined whether the in vitro
results reported here are recapitulated
during in vivo infection. As always, it
will be challenging to experimentally
discern the exact functional contribu-
tions made by effectors such as VopE
to a pathogen’s infection cycle and dis-
ease development.
As underscored by these studies, it is
likely that many nuances of host-path-
ogen interactions remain to be revealed.
The present results are consistent with
the idea of the ‘‘guard hypothesis’’ within
mammals and provide an experimentalframework for identifying and character-
izing the degree to which additional
cellular processes/systems (cytoskel-
eton, trafficking organelles, etc.) are
likewise sensed by host cells as a trigger
for mobilization of the innate immune
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Productive HIV-1 infection requires viral cDNA integration into the host genome, an event catalyzed by HIV-1
integrase. In this issue of Cell Host & Microbe, Demeulemeester et al. (2014) report the existence of natural
integrase polymorphisms that retarget viral integration away from gene-dense regions and are associated
with rapid disease progression.In all host-pathogen interactions, the effi-
ciency of infection, the extent and quality
of the host response, and, ultimately, the
severity of the disease are often conse-
quences of small variations in both the
pathogen and its target cells. HIV-1 is by
no means an exception to this principle.
Polymorphisms in a variety of cellular pro-
teins regulate virtually all of the steps of
viral infection, from receptor interaction
to virion packaging; on the opposite
side, variations in the nine viral polypep-
tides finely tune the efficiency of infection
and host cell behavior (Carrington andWalker, 2012). While information is
broadly available on the viral polymor-
phisms modulating the efficacy of recep-
tor binding, as on viral internalization,
transcription, RNA processing, and virion
maturation, considerably less knowledge
has been acquired on the variations
involved in viral cDNA integration into
the host cell genome. This is not surpris-
ing, since our overall understanding of
the process of integration itself and, in
particular, of the features of the cellular
chromatin regions where this occurs, is
still largely incomplete.The complex catalyzing integration of
the viral cDNA into the host genome—
the intasome, which is composed of a
tetramer of the viral integrase (IN) enzyme
assembled onto the two viral cDNA
ends—is a sort of a moon landing space
capsule that approaches human chro-
matin (Figure 1); the title of this Preview re-
calls a very popular song from David
Bowie. After landing, the intasome docks
onto the target DNA to form the target
capture complex (TCC), followed by
DNA cutting and joining reactions (Maert-
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Figure 1. Landing of the Intasome onto Target DNA
(A) Tetramer of wild-type integrase positions the intasome onto preferred target DNA sequences in
cellular DNA and, on a larger scale, drives integration of the viral genome into euchromatic regions of
the cell nucleus.
(B) Polymorphic variations in HIV-1 IN change the intasome preference for integration, repositioning
the viral genome into gene-poor regions, characterized by heterochromatin carrying H3K9 bi- and
trimethylation.
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Previewschoose precisely where to land? And why
do different retroviruses exhibit distinct
nucleotide preferences at their local inte-
gration sites? And further, why, at higher
magnification, do some retroviruses pre-
fer landing pads in different gene regions,
such as, for example, promoters and tran-
scription start site-proximal regions for
Mo-MLV and gene bodies for HIV-1? To
date, despite substantial biochemical
studies on the characteristics of IN
proteins and equally abundant DNA
sequencing data on the genomic regions
in which the different proviruses are found
to be integrated, the molecular determi-
nants driving DNA target choice remain
elusive. It is in this context that the work
by Gijsbers and coworkers, published in
this issue of Cell Host & Microbe (Demeu-
lemeester et al., 2014), now provides
novel and important information.
By taking advantage of the crystal
structure of the prototype foamy virus
(PFV) intasome TCC (Maertens et al.,
2010) for homology modeling of the
HIV-1 TCC, Demeulemeester et al.
(2014) identified HIV-1 IN amino acids
119, 122, and 231 as the residues that
are in direct contact with the target DNA.
According to their structural predictions,
amino acids INS119 and INT122, which are558 Cell Host & Microbe 16, November 12, 20located in the integrase catalytic core
domain (CCD), are projected into the
minor DNA groove, whereas INR231,
located in the C-terminal domain of
the protein, reaches out into the major
DNA groove and is important for target
DNA binding as well. Alignment of
available retroviral IN proteins revealed
overall conservation of the CCD: at a
position equivalent to HIV-1 INS119, small
amino acids (Pro, Ala, Ser, or Thr) are
commonly selected, probably due to the
limited space available in target minor
DNA groove. Despite the overall diver-
gence present in the IN carboxy-terminal
domain, amino acid INR231 also shows
a substantial amount of conservation,
consistent with its role in target DNA
binding.
Of interest, introduction of the amino
acid variations found in the other retrovi-
ruses at positions 119, 122, and 231 of
the HIV-1 IN significantly modified host
DNA target selection without causing
any significant changes in viral fitness
or transduction efficiency. An analysis of
over 35,000 integration sites derived
from the infection of two cell lines using
the variant viruses indeed revealed sig-
nificant modifications in the intasome
nucleotide footprint compared to that of14 ª2014 Elsevier Inc.wild-type HIV-1. This clearly reveals the
relevance of the residues identified in
target DNA identification. Additionally, by
exploring a large number of patient-
derived HIV IN sequences from the Los
Alamos HIV sequence database, Demeu-
lemeester et al. (2014) confirmed that the
variability in target DNA binding repre-
sents an intrinsic property of HIV-1 IN.
This is particularly true for the IN 119 res-
idue, for which all the amino acids present
in other lentiviral integrases also exist as
natural polymorphisms of HIV-1.
Equally interesting are the results ob-
tained by Demeulemeester et al. (2014),
when zooming out and analyzing target
HIV-1 intasome landing pads on a larger
scale. Not only were the different IN vari-
ants retargeted in terms of nucleotide
selection, but also as far as chromatin sig-
natures were concerned. For example,
when Demeulemeester et al. (2014)
compared integration heat maps to
epigenetic features for HIV-1 viruses car-
rying either serine or valine at IN position
119, they discovered that the latter virus
integrated away from gene-dense chro-
matin regions, while maintaining equal
infection efficiency. A systematic analysis
of several variations at the IN 119, 122,
and 231 residues eventually revealed
that retargeting away from transcriptional
active regions is an intrinsic property
of some specific IN polymorphisms.
Notably, Demeulemeester et al. (2014)
show that retargeting is not a conse-
quence of modified binding of the
different IN variants to the LEDGF/p75,
which is a host factor that assists HIV-1
IN in the integration process (Gijsbers
et al., 2010, 2011). Indeed, the investi-
gated IN variants were found to bind
LEDGF/p75 with equal affinity and the
respective viruses were found to integrate
into LEDF/p75-associated chromosomal
regions to the same extent as wild-type
HIV-1. Thus, the molecular determinants
for retargeting remain elusive at this
moment. An intriguing possibility is that
the identified IN polymorphism might
finely tune other IN properties, such as
protein stability, posttranslational modifi-
cation, or interaction with other cellular
factors (Manganaro et al., 2010), which
might in turn affect target DNA sequence
selection.
What is the potential significance of
these molecular findings in the broader
context of HIV-1 disease? By analyzing a
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Previewscohort of South African HIV-1-infected
patients (the Sinikithemba cohort, which
comprises antiretroviral naive, HIV-1
subtype C chronically infected adults,
followed from 2003 to 2008), Demeule-
meester et al. (2014) discovered that
patients infected with HIV-1 viruses car-
rying two globally retargeting IN variants
(INS119G and INR231G) displayed faster dis-
ease progression in longitudinal follow-up
data. This is an interesting result, since for
the first time it uncovers a link between
proviral integration site selection and
disease progression. Nonetheless, this
remains only a correlative finding at
the moment and awaits a molecular ex-
planation. Unfortunately, the viral fitness
and transduction efficiency of detected
variants were comparable to those of
the wild-type virus, as were the tran-
scriptional and cell death levels when
examined in cell culture conditions. These
negative findings, however, do not ex-
clude the possibility that subtle changes
in the variant virus properties exist, which
might become relevant during chronicinfection in patients. The identification
of the actual integration sites in some of
the surviving patients of the Sinikithemba
cohort infected with HIV-1 carrying these
variant INs will provide support for this
possibility.
In conclusion, the work by the team of
Gijsbers and Debyser is an important
contribution to our understanding of the
evolutionary complexity of lentiviral IN
polymorphisms and its impact on the
integration process. As such, it adds
another layer of complexity to the already
complex interplay between viral protein
variations and their interaction with host
cell factors, in this case host chromatin
itself. Specific to the HIV field, the finding
that subtle changes in the IN protein
can retarget the intasome into different
chromatin domains opens a series of
interesting questions, ranging from the
identification of the actual molecular
mechanisms involved in this process to
the understanding of whether the overall
topology of HIV-1 integration is modified
in the cell nucleus. A most intriguingCell Host & Microbe 16, Npossibility to explore will be whether a
connection exists between variants with
specific retargeting properties and the
establishment of latent viral reservoirs,
which, at the moment, represent a true
obstacle to viral eradication.REFERENCES
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How much population diversity is transmitted during influenza virus infection? In this issue of Cell Host &
Microbe, Varble et al. (2014) report a method of tagging influenza viruses with a unique genetic ‘‘barcode’’
that allows them to be traced through transmission and growth chains, providing a leap forward for the field.Influenza researchers are learning about
the virologic factors that control virus
transmission. Some of the most recent
of these studies have shown that as few
as five mutations within this RNA virus
can impart respiratory-droplet transmissi-
bility to avian H5N1 influenza viruses
(Herfst et al., 2012; Imai et al., 2012).
Others have taken these data and
modeled the likelihood of such a virus
emerging in an infected host (Russell
et al., 2012). However, a key questionremains: if generated, how likely is such
a virus to transmit if comprising only a
small percentage of the viral population
within the infected host?
An important parameter of that ques-
tion seems rather simple, but we know
surprisingly little about it—how much of
the viral diversity within an infected host
is transmitted? Despite the recent ad-
vances in and widespread implementa-
tion of next-generation sequencing, we
still don’t know the answer. Although wecan follow mutations through limited
transmission chains, our understanding
of what is transmitted and how various
bottlenecks influence this process is
poor. In this issue of Cell Host & Microbe,
Varble and colleagues provide us with a
simple, but elegant, tool with which to
start getting some answers.
The basic strategy of these authors was
to introduce a range of genetic tags into a
model influenza A virus population, in this
case, one from the 2009 pandemic. Thisovember 12, 2014 ª2014 Elsevier Inc. 559
